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SUMMARY – Considering previously reported discrepant results in the literature, we aimed to 
investigate the impact of gender and overweight/obesity on cardiometabolic risk (CMR) among 
Montenegrin urban children. The cross-sectional study included random sample of 201 schoolchil-
dren aged 7-12 years (64% of boys) from Podgorica. Children’s nutritional status was determined ac-
cording to the International Obesity Task Force criteria. CMR was assessed using a sum of z values of 
the following five indicators: glucose, total cholesterol, inverted value of high-density lipoprotein cho-
lesterol, triglycerides, and hypertension. Higher CMR was found among both overweight and obese 
boys compared to normal weight boys (p<0.001). The effect size of the difference in CMR between 
overweight and obese girls and normal weight counterparts was less prominent (p<0.05). Logistic 
regression analysis revealed that body mass index was independent predictor of high CMR [odds ratio 
(OR)=1.06; 95% confidence interval (CI)=1.02-1.10); p=0.002]. On the contrary, we found no impact 
of socioeconomic status, physical activity or sedentary time on CMR in the examined cohort of 
schoolchildren. In conclusion, both overweight and obesity even among young population are related 
to higher CMR and this effect is more prominent among boys as compared to girls.
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Introduction
Obesity is a global public health problem1 with an 
ever-increasing prevalence both among children and 
adults over the past decade2. This is also a public health 
concern in Montenegro since the prevalence of child-
hood overweight and obesity (OOb) is reported to be 
22.9% and 5.3%, respectively3.
Obesity is a risk factor for many disorders such as 
metabolic syndrome, type 2 diabetes mellitus, cardio-
vascular disease, cancer, psychosocial and neurocogni-
tive distress4-6. Childhood and adulthood obesity are 
related and there is evidence that even 80% of obese 
children continue to be obese later in life, which is of-
ten accompanied with an increased cardiometabolic 
risk (CMR)7. Therefore, of utmost public health inter-
est is to deeply investigate the underlying mechanisms 
of increased CMR among young population8.
Although previous studies confirmed the relation-
ship between childhood obesity and CMR9-13, it is still 
unclear whether this relationship also exists in over-
weight children, since some studies did not find differ-
ence in CMR between overweight and normal weight 
children14. Additionally, controversial results were shown 
with regard to gender, reporting no difference between 
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obese boys and girls15, either with higher CMR among 
obese boys compared to obese girls16, or vice versa17.
In this study, we hypothesized on CMR to be higher 
among overweight children compared to normal weight 
children, and on the existence of gender differences with 
regard to CMR. Therefore, considering previously re-
ported opposite results on this issue, we aimed to inves-
tigate the effect of gender and OOb on CMR among 
Montenegrin urban schoolchildren aged 7-12 years.
Material and Methods
Study population
The sample in this cross-sectional study comprised 
201 children aged 7-12 years [i.e., 128 boys (64%) and 
73 girls (36%)], randomly chosen from ten elementary 
schools from Podgorica, Montenegro within a repre-
sentative national sample of children3. According to 
their nutritional status based on the International 
Obesity Task Force (IOTF) criteria18,19, the children 
were grouped into three subgroups, as follows: normal 
weight (n=85/42.3%), overweight (n=81/40.3%) and 
obese (n=35/17.4%).
Exclusion criteria were underweight children, those 
with endocrine and metabolic disorders (secondary obe-
sity), chronic diseases, usage of medicines leading to 
metabolic disturbances (e.g., corticosteroids), and those 
who were not willing to participate in the examination.
The study was approved by the Ethics Committee 
of the Faculty of Medicine, University of Montenegro. 
Parents and children gave their informed consent to 
participate in the study, and the research was conduct-
ed according to the Declaration of Helsinki.
Questionnaire
Children’s parents were asked to assess their socio-
economic status as low (income insufficient for basic 
needs); medium (sufficient); or high (more than suffi-
cient). Children’s sedentary time was assessed by the 
number of hours daily watching TV, and physical ac-
tivity by the number of days in a week with at least one 
hour of activity out of school.
Anthropometric measurements
Children were weighed on a digital scale accurate 
to 0.1 kg (SECA, model SE 808; Hamburg, Germa-
ny). A stadiometer accurate to 0.5 cm (GIMA, code 
27328; Gessate, Milan, Italy) was used to measure 
body height. Body mass index (BMI) percentile for 
age and gender was calculated using software available 
on the Center for Disease Control and Prevention 
website (https://www.cdc.gov/healthyweight/assess-
ing/bmi/childrens_bmi/tool_for_schools.html).
Body composition (total fat percent, muscle mass, 
fat free mass, total body water percent) was determined 
with a bioelectric impedance device (Tanita BC-418, 
Japan). Children’s nutritional status was evaluated ac-
cording to the IOTF criteria18,19. IOTF provides BMI 
cut-off points by age and sex for thinness, overweight 
and obesity for children and adolescents aged 2-18 
years. The cut-off points correspond to adult BMI, as 
follows: 16.5 kg/m2 (thinness grade 1); 17 kg/m2 (thin-
ness grade 2); 18.5 kg/m2 (thinness grade 3); 25 kg/m2 
(overweight); and 30 kg/m2 (obesity).
Blood pressure measurement
Blood pressure was measured with an Omron HEM 
907 XL oscillometric monitor. The measurements were 
performed according to standardized methodology20 in 
sitting position on a non-dominant arm, after 5-minute 
rest, between noon and 3:00 p.m. in a quiet room in 
school. Diagnostic criterion for hypertension was sys-
tolic blood pressure (SBP) and/or diastolic blood pres-
sure (DBP) equal or exceeding 95th percentile of values 
according to body height, sex and age20.
Biochemical analyses
Blood samples were obtained in the morning, after 
8-hour overnight fast, in the Center of Laboratory Di-
agnostics, Primary Health Care Center in Podgorica. 
After being left to clot for 30 minutes and then centri-
fuged, serum samples were analyzed for several bio-
chemical parameters [i.e., fasting glucose, total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-
c), high-density lipoprotein cholesterol (HDL-c) and 
triglycerides (TG)], using routine procedures with 
spectrophotometric method (Roche Cobas c501, 
Mannheim, Germany).
Z values and cardiometabolic risk
Z value represents a measure of how many stan-
dard deviations a raw score is below or above the pop-
ulation mean. A child’s total CMR is a sum of z values 
of blood glucose, TG, inverted HDL-c (1 – HDL-c; 
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to keep the same direction of values as for other indi-
cators), TC and hypertension. A cut-off value for total 
CMR was obtained by adding one standard deviation 
to the mean value of CMR for the sample of children 
examined. A single-factor model underlying the meta-
bolic syndrome in children using z statistics and one 
standard deviation from mean z as a cut-off value was 
valid after factor analysis15.
Statistical analysis
Kolmogorov-Smirnov normality test was used to 
check the distribution of variables. We used the ANO-
VA and LSD post-hoc test (normal distribution) or 
Kruskal-Wallis test by ranks and Mann-Whitney U 
test post-hoc (not normal distribution) to compare the 
means of biochemical parameters and total CMR 
scores in the three subgroups of children. The χ2-test 
was applied to compare the percentage of children 
with hypertension in the three subgroups. Logistic re-
gression analysis was applied to test the association 
between CMR and other variables in order to reveal 
independent predictors of high CMR. The probability 
of alpha error lower than 5% was accepted as the level 
of significance (p<0.05).
Table 1. Anthropometric indicators in relation to nutritional status of investigated schoolchildren aged 7-12 
from Podgorica
Anthropometric indicator







Total percentage of fat (%) 29.9±7.1* 26.1±6.8** 15.7±5.0 <0.001
Muscle mass (kg) 41.0±10.0* 36.8±7.5** 29.4±6.5 <0.001
Fat free mass (kg) 43.2±10.5* 38.8±7.9** 30.9±6.8 <0.001
Total body water percentage (%) 51.1±5.2* 54.1±4.9** 61.7±3.7 <0.001
Body mass index percentile 97.7±9.4*** 90.4±7.7** 43.6±21.1 <0.001
#ANOVA; *<0.01 vs. overweight (LSD post hoc test); **<0.001 vs. normal weight (LSD post hoc test); ***<0.05 vs. overweight 
(LSD post hoc test)
Table 2. Biochemical parameters, blood pressure and total cardiometabolic risk (CMR)* among boys aged 
7-12 years from Podgorica according to nutritional status
Parameter
Obese Overweight Normal weight
p
(N=25) (N=49) (N=54)
Glucose (mmol/L) 5.37 ± 0.37$ 5.38 ± 0.36‡ 5.16 ± 0.42 0.007#







LDL-c (mmol/L) 2.77±0.80 2.65±0.77 2.39±0.64 0.061#
HDL-c (mmol/L) 1.39±0.40‡ 1.45±0.36‡ 1.68±0.40 0.002#
TC (mmol/L) 4.38±0.88 4.43±0.88 4.23±0.80 0.457#
SBP (mm Hg) 122.4±9.9^ 112.1±11.1 108.0±11.8 <0.001#
DBP (mm Hg)  77.0±11.4^ 68.3±9.5 64.8±8.7 <0.001#








TG = triglycerides; LDL-c = low-density lipoprotein cholesterol; HDL-c = high-density lipoprotein cholesterol; TC = total 
cholesterol; SBP = systolic blood pressure; DBP = diastolic blood pressure; CMR = cardiometabolic risk *sum of z-values of 
glucose, TG, an inverted HDL-c, TC and hypertension; #ANOVA; $<0.05 vs. normal weight (LSD post hoc test); ‡<0.01 vs. 
normal weight (LSD post hoc test); ^<0.001 vs. normal weight (LSD post hoc test); **Kruskal-Wallis test by ranks; ##<0.05 vs. 
normal weight (Mann Whitney U test); $$<0.001 vs. normal weight (Mann Whitney U test); ‡‡χ2-test=7.85; p=0.02
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Results
Overweight and obese children had a significantly 
higher total fat percentage, free fat mass, muscle mass, 
lower total water percentage and BMI percentile com-
pared to normal weight children (Table 1).
Moreover, significantly higher glucose and TG, but 
lower HDL-c was found in OOb boys compared to 
normal weight boys (Table 2).
The SBP and DBP parameters, as well as the per-
centage of children with hypertension also were sig-
nificantly higher among OOb boys compared to nor-
mal weight counterparts (Table 2). Similarly, signifi-
cantly higher glucose, TG and SBP, as well as lower 
HDL-c were found among OOb girls compared to 
normal weight girls (Table 3).
Overall, CMR was significantly higher among OOb 
boys and girls compared to normal weight counterparts. 
However, the effect size was larger among boys com-
pared to girls (Tables 2 and 3). Logistic regression anal-
ysis showed that BMI percentile significantly influenced 
CMR in the study children (Table 4). On the other 
hand, we found no association between socioeconomic 
status, physical activity or watching TV and CMR in 
the study cohort of schoolchildren (Table 4).
Discussion
The findings of the current study showed that both 
overweight and obese children were at a higher CMR 
compared to normal weight counterparts. However, 
the effect size of OOb-CMR relationship was larger 
among boys compared to girls.
We have previously reported on the association be-
tween obesity and increased CMR in adolescent girls 
aged 16-19 years21,22. Herein, we confirmed such a re-
lationship even at a much younger age.
Table 4. Factors influencing cardiometabolic risk among 
schoolchildren aged 7-12 years from Podgorica 
(univariate logistic regression analysis)
Factor OR 95% CI p
Gender (male=1; female=2) 1.30 0.57-3.00 0.536
Age (per month) 1.00 0.76-1.31 1.000
Socioeconomic status 
(1=low; 2=medium; 3=high) 1.11 0.51-2.44 0.788
Physical activity out of 
school (per day in a week) 1.20 0.91-1.60 0.197
Watching TV (per hour 
daily) 0.85 0.59-1.23 0.395
Body mass index percentile 1.06 1.02-1.10 0.002
Table 3. Biochemical parameters, blood pressure and total cardiometabolic risk (CMR)* among girls aged 
7-12 years from Podgorica according to nutritional status
Parameter
Obese Overweight Normal weight
p
(N=10) (N=32) (N=31)
Glucose (mmol/L) 5.32 ± 0.33 5.34 ± 0.99$ 4.95 ± 0.39 0.080#






 LDL-c (mmol/L) 2.88±0.74 2.51±0.71 2.49±0.84 0.355#
HDL-c (mmol/L) 1.49±0.42 1.33±0.36** 1.63±0.39 0.009#
TC (mmol/L) 4.61±0.73 4.27±1.01 4.33±0.91 0.602#
SBP (mm Hg) 120.5±16.5$ 119.7±13.7** 109.9±10.8 0.011#
DBP (mm Hg)  72.5±11.2 72.0±7.9 68.0±9.0 0.184#









TG = triglycerides; LDL-c = low-density lipoprotein cholesterol; HDL-c = high-density lipoprotein cholesterol; TC = total 
cholesterol; SBP = systolic blood pressure; DBP = diastolic blood pressure; CMR = cardiometabolic risk *sum of z-values of 
plasma glucose, TG, an inverted HDL, TC and hypertension; #ANOVA; $<0.05 vs. normal weight (LSD post hoc test); 
‡Kruskal-Wallis test by ranks; ^<0.01 (Mann Whitney U test); **<0.01 vs. normal weight (LSD post hoc test); ##Pearson 
χ2=1.70; p=0.43; $$<0.05 Mann Whitney U test; ‡‡<0.001 Mann Whitney U test
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Our findings on the early development of CMR 
factors among obese schoolchildren are concordant 
with numerous other studies16,23,24. In children with se-
vere obesity, a metabolic syndrome is very likely. Re-
sults of a study on preadolescent children from New 
Zealand suggest that not a single, but rather a group of 
factors may influence cardiometabolic health (e.g., 
high blood pressure, BMI, and cholesterol)25.
Hypertrophied adipose tissue is a great source of 
reactive oxygen species (ROS), as well as proinflam-
matory cytokines (e.g., monocyte chemoattractant 
protein-1, tumor necrosis factor-alpha, interleukin-6) 
and adipokines (e.g., leptin, retinol-binding protein 4, 
apelin, resistin), which represents the state of increased 
oxidative stress and low-grade inflammation in obesi-
ty4,5,21,22. On the other hand, lower level of the antioxi-
dant defense system, as well as adipokine adiponectin 
which has anti-inflammatory and cardioprotective ef-
fects in the obese state is recorded5,22. The ROS further 
stimulate increased expression of cytokines, growth 
factors, and adhesion molecules, which may lead to 
many pathophysiological consequences such as insulin 
resistance, dyslipidemia, hypertension, hypercoagula-
ble state, thus increasing CMR5.
Similar to our results, studies on Brazilian school-
children23 and Chilean adolescents26 showed a larger 
effect size of obesity on CMR among boys compared 
to girls. In a Korean National Health and Nutrition 
Examination Survey, a higher prevalence of metabolic 
syndrome indicators such as hypertension and hyper-
glycemia was also found among boys in comparison to 
girls27. However, a higher CMR was recorded among 
obese girls in comparison to obese boys in eight Euro-
pean countries17. On the other hand, Martínez-Vizcaí-
no et al. found no difference in CMR between obese 
boys and girls aged 10-13 years from Spain15. The 
prevalence of metabolic syndrome was also similar be-
tween obese boys and girls aged 7-18 in a national 
school-based surveillance program in Iran28. The pos-
sible explanation for so many discordant findings 
might be in different sample size of examined cohorts.
Our finding of a significant relationship between 
BMI and CMR is congruent with the results of other 
studies21,29. On the other hand, we did not find any 
impact of socioeconomic status of children on their 
CMR. In an earlier study on Colombian children aged 
6-10 years, socioeconomic status was positively related 
to obesity and insulin resistance30. Contrary to these 
findings, 72% higher odds for metabolic syndrome was 
found among low socioeconomic status children in 
Iran compared to those with a high economic status, 
which was explained by unhealthy eating habits31. 
However, in a recent longitudinal study on UK chil-
dren, obesity and metabolic disturbances were not re-
lated to deprivation, which is similar to our results 
showing that children from all backgrounds may be 
vulnerable to obesogenic environments32.
Furthermore, we did not observe any relationship 
of children’s sedentary time and physical activity out of 
school with CMR. In a recent prospective study on 
10-year-old children, it was shown that moderate-to-
vigorous physical activity, but not sedentary time was 
related to elevated CMR33. It seems that dietary hab-
its, but not physical inactivity may explain the obesity-
CMR relationship in our investigation.
The most effective approaches in lowering child-
hood CMR are increased physical activity and weight 
loss34. Even a modest reduction in BMI z-score after 
one year of a joint hospital/public health nurse inter-
vention may significantly lower children’s CMR34. An-
other study on overweight and obese children and ad-
olescents showed that a 1-year lifestyle intervention 
lowered their CMR by decreasing cardiometabolic 
risk factors. These effects were similar in children with 
overweight, obesity, or morbid obesity35.
It is important to emphasize that the cross-section-
al design of our current study was a limitation of this 
research. Therefore, longitudinal studies are needed to 
confirm the causal relationship among examined car-
diometabolic risk factors in young population.
Conclusion
We showed that both overweight and obesity in 
childhood were related to higher CMR and this rela-
tionship was more pronounced among boys compared 
to girls. BMI significantly influenced CMR, whereas 
socioeconomic status, physical activity or sedentary 
time were not associated with CMR in schoolchildren. 
Prevention of cardiovascular diseases should start early 
in childhood by focusing on overweight/obese chil-
dren.
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Sažetak
KARDIOMETABOLIČKI RIZIK U GRADSKE DJECE U CRNOJ GORI  
– POVEZANOST S PRETILOŠĆU I SPOLOM
M. Martinović, G. Belojević, M. Jakšić, N. Kavarić i A. Klisić
Imajući u vidu oprečne podatke iz literature, cilj našega istraživanja je bio ispitati utjecaj spola i pretilosti na kardiometa-
bolički rizik (KMR) kod gradske djece u Crnoj Gori. Studija presjeka je obuhvatila slučajni uzorak od 201 učenika u dobi od 
7-12 godina (64% dječaci) iz Podgorice. Nutritivni status djece procijenjen je prema kriterijima International Obesity Task 
Force. KMR je izračunat kao zbir z vrijednosti dobivenih zbrajanjem 5 parametara: glukoze, ukupnog kolesterola, inverzne 
koncentracije kolesterola u lipoproteinima visoke gustoće, triglicerida i visokog krvog tlaka. Pretili i debeli dječaci su imali 
veći KMR u usporedbi s normalno uhranjenim dječacima (p<0,001). Ova razlika u KMR bila je manje izražena kod pretilih 
i debelih djevojčica (p<0,05) u usporedbi s normalno uhranjenim djevojčicama. Logistička regresija je pokazala da je indeks 
tjelesne mase nezavisan prediktor povećanog KMR [OR=1,06; (95% CI=1,02-1,10), p=0,002]. Nasuprot tome, nismo utvr-
dili utjecaj socio-ekonomskog statusa, fizičke aktivnosti ili sedentarnog načina života na povećan KMR u ispitivanoj kohor-
ti djece. U zaključku, postoji povezanost pretilosti i KMR čak i u dječjoj populaciji, ali je taj učinak izraženiji kod dječaka u 
usporedbi s djevojčicama.
Ključne riječi: Kardiometabolički rizik; Pretilost u djece; Hipertenzija; Metabolički sindrom
